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CHAPTER  I 
INTRODUCTION 

For  thousands  of  years,  man  has  separated  materials  from 

his  natural  environment  and  used  them  to  alter  the  chemical  or 

physical  processes  within  his  body.   In  general,  these  substances, 

known  today  as  drugs  or  medicinal  agents,  may  be  said  to  have  been 

used  for  their  curative  and  protective  powers  against  harmful 

substances  within  the  body,  for  the  elimination  of  parasitic  organisms 

of  both  visible  and  microscopic  sizes,  or  for  the  production  of  a 

desired  level  of  sedation,  anesthesia  or  hypnosis. 

The  use  of  organic  materials  for  this  purpose  dates  from 

12  3 

the  earliest  history  of  medicine.    The  source  of  such  drugs* »*•"  was 
originally  the  extracts  of  certain  familiar  plants.   For  example,  a 
Chinese  herbal  of  the  fifth  century,  B.C. ,  describes  the  hemp  plant 
whose  flowering  top  provided  cannabis  (marihuana),  which  the 
Chinese  used  as  an  anesthetic  in  surgery  two  thousand  years  ago. 
An  authexkUc  reference  was  made  in  the  third  century*  B.  C . ,  by 
Theophrastus  to  the  juice  of  the  poppy  capsules  from  which  opium  is 
extracted.    The  antipyretic  property  of  willow  bark,  from  which 
salicin  was  later  isolated,  was  known  to  the  ancients.  Colchicine, 
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found  in  the  seeds  of  the  autumn  crocus  of  Asia  Minor,  was 
recommended  in  the  sixth  century,  A.D. ,  for  pain  of  articular 
origin.   The  powdered  leaf  of  the  foxglove  was  a  source  of  digitalis 
and  the  leaves  of  a  certain  tree  from  the  mountains  of  Peru  and 
Bolivia  still  provide  one  of  the  sources  of  cocaine.    The  early 
European  explorers  of  Brazil  found  ipecac  ("Brazil  root")  used 
as  an  emetic  agent.    The  root  was  later  shown  to  contain  the  active 
agent  emetine.    The  products  of  such  plants  as  those  yielding  coffee, 
tea  and  cocoa  are  still  used  all  over  the  world  to  provide  beverages 
which  contain  caffeine  or  theobromine. 

The  use  of  synthetic  organic  materials  as  therapeutic 
agents  can  probably  be  dated  from  the  nineteenth  century  Mrlth  the 
introduction  of  ether  and  chloroform  as  anesthetics.    The  knowledge 
of  the  chemistry  of  certain  natural  products  acquired  in  the  early 
development  of  the  science  quickly  led  to  the  use  of  other  related 
natural  substances,  and  subsequently  to  the  isolation  and  synthesis 
<tf  the  active  components  of  these  products.    This  can  be  illustrated 
by  the  use  of  both  willow  and  cinchona  bark  for  antlpyrettc  purposes 
and  finally  the  isolation  aiui  characterisation  of  salicyl  alcohol  glucoside 
and  the  preparation  of  the  related  compound,  acetylsalicyllc  acldi?  . 

This  approach  has  led  to  a  variety  of  researches  which  have 
resulted  in  the  discovery  and  introduction  of  new  therapeutic 
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materials.  Some  drugs*  such  as  phenacetin,  are  developed  as  the 
result  of  observations  of  biological  processes.  Occasionally,  as  in 
the  case  of  penicillin  and  of  dramamine*  discoveries  are  made 
accidentally  by  perceptive  persons  in  the  course  of  other  vrork. 
Other  compounds  are  examined  because  of  their  chemical  relationship 
to  active  congeners.   Sometimes,  because  compounds  containing 
specific  structural  units  have  been  shown  to  have  certain  desired 
physiological  effects,  compounds  are  synthesized  with  a  specific 
purpose  in  mind.  A  few  drugs  such  as  qolnaerine  (Atabrlne), 
chloroquine  (Aralen)  and  chlorguanide  (Paludrine)  have  come  only 
from  laborious  screening  processes  having  as  tiieir  objectives  the 
discovery  of  compounds  which  satisfy  a  definite  ne«d«  - 

The  purpose  of  the  present  research  was  to  prepare  several 
series  of  derivatives  of  piperasine  with  molecular  structures 
containing  arrangements  of  functional  groups  known  to  have 
pharmalogical  activity  as  anthelmintic,  antlhlstlminle  and  tranquilizing 
agents. 

The  anthelmintic  properties  of  piperazlne  and  its  effectlvenes* 
against  such  parasites  as  ascarids  and  various  oxyuridae  is  well 
known.    The  high  level  of  filarial  infestation  of  American  military 
personnel  while  stationed  in  the  western  Pacific  during  World  War  U 
stimulated  the  research  which  resulted  in  the  preparation  of  the 


highly  effective  diethylcarhamaziae  hydrochloride  (hetrazane)  by 


'  diethylcarbamazine  hydrochloride 


,    .   Hie  aminoethers,  particularly  those  of  the  ethanol  amine 
serieSf  have  been  used  successfully  as  antihistimines.  Compounds 
having  the  general  structure »     .      .  ..  .  •«,  •■"..  f».-;  ; 

„  ,         R-0-Cil|CH|^<R'R"»  .,:V^;:.- 

have  been  found  to  be  especially  effective  antihistimines  When  R  is 
the  ben»hydryl  group.  ^*  ^  Otiier  active  compounds  *xe  the  benahydxyl 
or  substituted  benahydryl,  derivatives  of  monosubstituted 
piperaaines. "''"^f  ,      ;  ,  ^-  ;v  .t    .  :  -       ■-i-.-A-r  ,     ■■'ty\,-:- •  x  -\  w.' 



,,    ,         Ar^CH-N    S  ^-R    , ^  : •  ...r  ? 
Later  work**  has  Included  such  structural  arrangements  as 

■     '       ■  ■■■  ■  ■  ■   '  A-A  '  " 

R'-N    S  N-CR"R'"R'» 

\^ 

R»  =  Carboxyalkyl 

R"  =  H  or  shortchain  alkyl 
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R"'R'^  —  giroaps  which  may,  or  may  not, 
be  aromatic 

In  recent  years,  especially  since  1957,  there  has  been  a 
widespread  interest  In  similarly  dlsubstltuted  plperaslnes  with 
respect  to  their  effect  on  the  central  nervous  system.  Symmetrically 
substituted  piperaBlnes  of  the  type 


/  \ 

0{CH2)j^CH-N    S  N-CH(CH2)j^0 
R  R 
nrrOtolO  R=lto8C  atom  alkyl 


as  weU  as  their  salts  have  been  found  to  have  therapeutic  use  as 
medullary  depressamts,  narcosis  potentiators,  and  dilators  of 
cortical  vessels.  ^"^  Derivatives  of  the  following  forms  have  been 
prepared  for  their  properties  in  the  treatment  of  hypertension  and 
anxiety  states: 


R  —  CH3,  CjHj  n       2  to  5 


/ — \ 

.      (CH.)  -N    S  N-R 


n  =  2.  3 


^       V        /  \ 

,     R-N    S   N-R'  t 

./■^     ■    ■  W 

R  =   sabstitated  benehydryl 
R«  =  CH2CH2OCH2CH2OH  or 

C  H^C  H2OC  H2C  H2CX:  H2C  H2OH 

21 

A  series  of  substituted  phenylplperaeines     which  have  been 

■-'^ 

effective  against  progressive  hypertension  and  hypertensive 
encephalopathy  and  which  closely  approximate  the  general  structure 
oi  some  of  the  compounds  prepared  in  the  course  of  this  research 
have  the  following  formula.  |  ^ 


OR 


2"5 


=  (CH2)30CH3.  (CH2)20CH3 


The  compounds  prepared  in  the  present  research  corresponded 
to  the  following  general  formulas:  I 
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OR' 


R-N  s  n-ch,chch,cx:h. 


and 


R-N    S  N-CH», 

R  =    phenyl  or  gubsUluted  phenyl 

f  • 

II  li 

R'  =  CO-alkyl»  C#,  alkyl,  benzyl,  benzhydryl 


All  of  these  compounds  are  new  and  will  be  submitted  to  Parke, 
Davis  and  Company  for  testing. 


CHAPTER  n 
EXPERIMENTAL 


All  yields  reported  in  this  chapter  are  based  o&  the 
reactaat  present  in  the  least  stoichiometric  quantity.  AU  temperatures 
refer  to  the  centigrade  scale  and  its  symbol  is  omitted.  Melting 
points  are  uncorrected. 

The  elemental  analyses  were  performed  by  Galbraith 
Liaboratories ,  Inc. «  Knoxville*  Tennessee. 

Source  <d  Starting  Materials 

Several     the  substituted  piperazines  used  in  this  research 

■were  unavailable  from  commercial  sources  and  consequently  were 
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prepared  la  this  laboratory.   The  method  of  PolUrd,  et  al. ,  * 

was  used  for  the  preparation  of  the  N-phenylpiperazines  bearing  the 

following  substituents  on  the  phenyl  giroup:  2-methyl-,  3-methyl-, 

4-methyl-,  2-chloro-,  3-chloro-,  and  4-chloro-.   Those  bearing  the 

substituents  4-ethoxy-,  2-methyl- 3-chloro- »  2-methyl-5-chloro-, 

2-chloro- 5 -methyl-,  3-chloro-4-metiiyl-  were  prepared  according  to 

Prolog,  et  al.  as  modified  by  Parcell. 
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N- ( 2- Methox/phenyDpipe razine ,  N- ( 2-ethoxyphenyl) - 
plperasine,  N-CZ-ethylphenyDpipewiBine,  and  N-(2-propylthiophenyl)- 
piperaeine  were  fumUhfid  as  research  samples  by  Parke,  Davis 
and  Company. 

The  starting  materials  listed  below  were  obtained  Irom 
the  commercial  sources  indicated  and,  unless  otherwise  stated  In 
^e  text,  were  used  without  further  purification. 

l,2-Epoxy-3-methoxypropane     Peninsular  ChemResearch,  Inc. 

Benshydryl  bromide  Aldrich  Chemical  C ompany 

Benhydryl  chloride  Eastman  Kodak  Company 

N-Phenylplperazine  Chemopuro  Manufacturing 

■\  Corporation 

Sodium  hydride  (54%  Metal  Hydrides,  Inc. 

suspension  in  mineral  oil) 

l-Chloro-2-hydroxy-3-methoxypropane  was  prepared  by  an 
adaptation  of  the  method  of  Fairboume,  et  al. ,     for  the  preparation 
of  l-chloro-2«hydroxy-3-ethoxypropane.   Concentrated  sulfuric 
acid  (20  ml. )  was  added  to  methanol  (1615  ml. )  and  eplchlorohydrin 
(314  ml. )  was  then  added  dropwiee  with  sttrring.   The  solution  was 
refluxed  overnight,  cooled,  and  neutralised  to  a  phenolphftadln 
endpoint  with  concentrated,  aqueous  sodium  hydroxide.    The  solvent 
was  removed  by  passing  the  solution  through  a  steam-heated  coll 


under  vacuum  £rom  a  water  aspirator  and  the  residue  was  distilled 
at  20  mm.  pressure.   The  product  \pas  collected  between  80**  and  85**. 

1  -Phenyl-4*(2-hydroicy-3-metho3cypropyl)piperazine  was 
prepared,  with  slight  modifications,  by  the  method  of  Pollard  and 
Wicker.  ^®  The  modifications  consisted  of  heating  a  mechanically- 
stirred  mixture  of  the  reactants  at  90°  to  100°  instead  of  heating  with 
occasional  agitation  on  the  steam  bath  and  of  extraction  and 
recrystalUzatlon  of  the  product  with  ether  instead  of  heptane.  These 
modifications  resulted  in  increased  yields  of  purified  product  and 
eliminated  the  necessity  for  handling  the  comparatively  large  volume 
of  heptane  which  was  required  for  solution  of  the  product. 

The  benzene  and  toluene  used  In  the  preparation  of  the 
sodium  alcoholate  Intermediates  were  purified  by  treatment  with 
concentrated  sulfurtc  acid  according  to  Fleser.      The  solvent  was 
then  filtered  through  absorbent  cotton  and  distilled  to  a  trap  for 
removal  of  remaining  water.    The  dried  residue  was  distilled  at 
atmospheric  pressure. 


Reactions  of  1-Arylplperazlnes  with  Benzhydryl  Chloride 

Eleven  l-arylplperazlnes  were  reacted  with  equlmolar 
amounts  of  benzhydryl  chloride  In  the  presence  of  sodium  carbonate 


to  give  the  corresponding  1  »aryl*4-benzh/dryl  piperazines.  AU 
eleven  derivatives  were  prepared  by  the  same  general  method 
descrilMd  below.   The  physical  and  analytical  data  for  the  products 
are  listed  In  Table  1. 

Preparation  of  1 -aryl*4-benzhydryl  piperazine 

Sodium  carbonate  (0.  EM)  was  placed  with  N-substltuted 
piperazine  and  benzene  (100-150  ml.)  in  a  300  ml. ,  round-bottom 
flask  contaiixing  a  magnetic  stirring  bar  and  equipped  with  a 
condenser  and  trap  for  removing  wator.    The  mfacture  was  refluxed 
with  stirring  until  any  water  present  had  been  elimlnatod.   The  trap 
was  then  removed  and  while  ttxe  mixture  was  still  hot,  benzhydryl 
chloride  (0.  IM)  was  added.   After  this  mixture  had  refluxed  for 
at  least  three  hours,  it  was  filtered  and  hexane  washings  of  the 
solid  material  added  to  the  filtrate.    The  solids  were  dissolved  in  a 
minimum  amount  of  water  or  aqueous  sodium  hydroxide  and 
extracted  several  times  with  ether.   The  residue,  if  any,  from 
evaporation  of  the  ether  extracts  was  added  to  the  benzene -hexane 
filtrate  and  the  solution  evaporated  on  tiie  steam  ba^.   If  l&e  residue 
was  acid,  it  was  treated  with  aqueous  sodium  hydroodde  and 
extracted  several  times  with  hexane.    Tlie  combined  hexane  extracts 
were  evaporated  on  the  steam  bath  almost  to  dryness.  The 
crystalline  material  obtained  during  the  evaporation  was  removed  by 
filtration  and  re  crystallized  from  hexane  or  95  percent  ethanol. 


ti 


TABLE  I 

l.ARYL-4-BENZHYDRyL  PIPERAZINES 


CH2CH2 

^  N-CH02 
CH2CH2 


•'It 

Perc«Di 
Yield 

RecrystalUzing 
Solvent 

Melting 
Point 

frf  ir% 

%  c 
Calcd. 
Found 

Analyses 
Vo  H 
Calcd. 
Fotxnd 

01  1V1 
79  N 

Calcd. 

Found 

37 

faexane 

119 

-120 

84.17 
84*  12 

7.65 
7.72 

8.18 
8.  35 

3.CH3- 

10 

hexane 

90.5 

-  91.5 

84.17 
84.  02 

7.65 
7. 75 

8.18 

0.  6/ 

4-CH3* 

%z 

heptane 

133 

•133.5 

84.17 
83.99 

7.65 
7.63 

8. 18 
8.06 

2-Cl- 

41 

ettianol 

94.5 

•  95.5 

76. 12 
76.34 

6.39 
6.60 

7.72 
7.45 

3-Cl- 

19 

hexane 

108 

-109 

76.12 
76.25 

6.39 
6.26 

7.72 
7.70 

4-Cl- 

23 

hexane 

130 

•131 

76. 12 
76.31 

6.39 
6.41 

7.72 
7.72 

2-CH3O- 

2a 

ethanol 

116 

-117 

80.41 
80.35 

7.31 
7.46 

7.82 
7.86 

2-CH3"' 
3*Cl- 

33 

ethanol 

120 

-121 

76.47 
76.57 

6.69 

6.70 

7.43 
7.38 

2-CH3- 
5.CI- 

40 

ethanol 

111 

-111.5 

76.47 
76.31 

6.69 
6.48 

7.43 
7.37 

TABLE  1  (continued) 


Analyses 

%C     %H  %N 
Percent     RecrystalUzlng     Melting      Calcd.  Calcd.  Calcd. 
It         Yield  Solvent  Point        Found  Found  Found 


2-Cl.  Quant.            ethanol          101.5-102  76.47  6.69  7.43 

S.CHj-  76.54  6.79  7.46 

3*  CI* 

ilcfiL-  U             athanol         Ul. 5-112  76.47  6.69  7.43 

'  ^  76.23  6.47  7.23 
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Reactions  of  l-Aryl-4-(2-hydroxy-3-methoxypropyl)piperazlne 
with  Halogenated  Compoimds 

The  sodium  salt  of  l-phenyl-4-(2-hydroxy-3-methoxypropyl)- 
piperazine  was  reacted  with  a  variety  of  halogenated  compounds, 
including  seven  chloroformates,  six  alkyl  halides  and  benzoyl 
chloride.    The  members  of  a  single  series  were  prepared  by  the  same 
general  procedure  and  these  are  explained  below.   In  addition«  four 
new  l-aryl-4-(2-hydroxy-3-methoxypropyl)piperazines  were  prepared 
by  the  same  procedure  as  was  used  for  the  preparation  of 
l-phenyl-4-{2-hydroxy-3-methoxypropyl)piperazlne  described  on 
page  10.   Each  of  these  was  reacted  with  methyl  iodide  to  give  the 
corresponding  methyl  ether.    In  the  case  of  l-{2-methoxy)phenyl- 
4-(2-hydroxy-3-methoxypropyl)piperazine,  one  preparation  using 
two  equimolar  amounts  of  methyl  iodide  gave  not  only  the  ether 
derivative  of  the  hydroxyl  group  but  produced  alkylation  of  one  of 
the  piperazine  nitrogens  as  well,  yielding  the  quaternary  ammonium 
iodide.    Table  2  lists  the  physical  and  analytical  data  for  the 
products. 

Reaction  with  chloroformates 

l-Phenyl-4-(2-hydroxy-3-methoxypropyl)pipera«ine  (0. 12M) 
and  sodium  (0.  IM)  were  placed  with  toluene  (200  ml. )  in  a  500  ml. , 
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3*neck»  round-bottom  flask  equipped  with  a  condenser  and  outlet 
tube  xnhich  led  to  a  rotary  wet^test  meter  for  measuring  hydrogen 
evolation.  The  contonts  were  refluxed  uxttil  the  calculated  amount 
of  hydrogen  had  evolved.   The  solution  was  cooled  and,  if  any 
unreacted  sodium  still  remained,  it  was  either  removed  or  the 
solution  of  the  alcoholate  carefully  decanted.    The  appropriate 
Chloroformate  (0.2M)  was  then  added,  with  stirring,  at  such  a  rate 
as  to  prevent  the  temperature  rising  above  75°.   The  liquid- solid 
mixture  was  stirred  for  several  hours.   The  solid  was  then  separated 
by  filtraUon.  2n  some  instances  the  efficiency  of  the  separation  was 
Improved  by  dissolving  the  crude  solid  in  aqueous  sodium  carbonate 
and  extracting  the  resulting  soluticm  once  or  twice  with  ether.  Th« 
toluene-ether  solution  of  the  carbonic  acid  ester  was  tiien  concentrated 
to  approximately  100  ml.  on  a  rotary  evaporalQ?  JM^I  the  product 
was  precipitated  as  the  monohydrochloride  with  anhydrous  hydrogen 
chloride.    The  crude  material  was  recrystalllzed  until  a  product 
with  the  proper  neutral  equivalent  was  obtained.      ,^  , 
Reactiton  with  alkyl  halldes 

The  preparation  of  ti^  sodium  alcoholate  wUh  metallic 
sodium  was  the  same  as  that  described  above.  In  the  alternative 
procedure  involving  the  use  of  sodium  hydride,  the  hydride  (0.  IM) 
was  placed  in  the  reaction  vessel  with  the  toluene  (or  ben2sene)  and 


l-aryl-4-(2-hydrcwy-3-methoxypropyl)piperazlne  in  a  solution  of 
tile  same  solvent  was  added  dropwise  tixrough  a  pressure-equallzing 
addition  funnel.   The  reaction  was  considered  complete  when  the 
calculated  amount  of  hydrogen  had  evolved.   The  solution  was  cooled 
and  the  desired  alkyl  halide  was  added  dropwise  with  stirring. 
When  it  appeared  that  no  more  solid  was  precipitating,  the  stirring 
was  stopped  and  the  reaction  mixture  poured  into  about  an  equ»l 
volume  of  water.    The  resulting  oil  layer  was  separated  and  the 
aqueous  layer  was  extracted  with  benzene,  ether  or  heptane.  Upon 
evaporation  of  the  solvents  in  a  rotary  evaporator,  a  solid  sometimes 
appeared  which  was  removed  by  filtration  and  determined  to  be  the 
starting  alcoholf  I •»ryl«4-(2- hydroxy- 3-methoxypropyl)plperaBine. 
A  small  amount  of  sodium  was  added  to  the  liquid  product  containing 
the  desired  ether  in  a  distillation  flask  and  tb«  contents  heated  at  a 
temperature  sufficient  to  melt  the  sodium  for  an  hour  or  so  under 
vacuum.    The  temperature  was  then  raised  and  the  l-aryl-4* 
(2-alkoxy-3-methoxypropyl)piperazine  was  distilled. 

When  twice  the  equimolar  amount  of  methyl  Iodide  waa 
added  to  the  sodium  salt  of  I-(2-methoxy)phenyl-4-(2-hydroxy-3- 
metiioxypropyl)pipera2ine  vcduminous  precipitation  occurred.  The 
precipitate  was  removed  by  filtration  and  partially  dissolved  in  ; 
aqueous  sodium  hydroxide.    The  undissolved  portion  was  again 


removed  by  filtration  and  recrystaUised  from  a  methanol-ethyl 
acetate  solution.   Elemental  analysis  indicated  ^is  to  be  the 
quaternary  ammonium  iodide. 
Reaction  with  benzoyl  chloride 

Sodium  hydride  was  reacted  with  l-phenyl-4-(2-hydroxy» 
3-methoixypropyl)piperazlne  as  described  above  except  that  the 
solvent  used  was  dimefliyl  formamide  at  60*^  to  70°.  Benzoyl 
chloride  was  added  dropwise  with  stirring.   The  solution  was  then 
cooled  and  a  flocculent  precipitate  began  to  separate  at  approximately 
40°.   The  mixture  was  stirred  at  room  Umperature  for  twenty-four 
hours  and  filtered.   The  product  was  recrystalUzed  from  a  dlmettiyl 
formamide-water  solution,  again  from  ethanol,  and  finally  from 
ether* 


Synthesis  of  Bemshydryl  Ethers  of 
I  •Aryl-4-  (2-hydroxy-  3-methoxypropyl)pipe  razine 

The  synthesis  of  the  benzhydryl  ethers  of  the  l-aryl*4« 
{2-hydroxy-3-methoxypropyl)piperazine8  was  accomplished  by  the 
preparation  of  l«halo-2-benzhydryloxy-3-methoKypropane  and 
reaction  of  this  intermediate  with  the  appropriate  N-substituted 


plpeyaBino.  Two  such  ethers  have  been  prepared.   The  l-halo-2- 
benahydryloKjr-B-methoocjrpropane  was  prepared  by  the  reaction  of 
ben«hydryl  halide  with  1, 2-epoxy-3«methoxypropane, 
'r  The  preparation  of  1-bromo- 2-benzhydryloxy»3-meth0xy- 

propane  in  heptane  solution  is  described  below.  It  was  also  prepared 
la  60  percent  yield  in  the  same  manner  (except  that  the  reaction 
time  was  ctxt  to  Utree  and  «ke*half  hours)  as  that  described  for  the 
preparation  of  l*chloro-2-benzhydryloxy-3*metiioxypropane. 
I  »B  romo-  2>benzhy  dryloscy  S^methoxypropane 

A  stirred  solution  of  benzhydryl  bromide  (0.  IM)  in  heptane 
(100  ml.)  was  warmed  to  75**  to  80**  and  1, 2-epoKy-3-methoxypropane 
(0.  IIM)  was  added  dropwlse  through  an  addition  funnel.  After 
complete  addition,  the  solution  was  refluxed  for  one  ai^  one-half 
hours.   The  solvent  ard  lower  boiling  components  were  removed  by 
dlstiUatioa  at  atmosi^eric  pressure  and  the  residue  distilled  to 
give  48  percent  yield  of  product,  B.p.  147-150°,  0. 1  to  0. 2  mm. 
The  analysis  calculated  for  C nUii^BvO^t  C,  60. 90}  H,  5. 71} 
Br,  23.84.   Found:  C,  60.88;H.  5.92;  Br,  23.82. 
1  -Chloro-  2-benghydryloxy  -  3  -me  thoxy  propane 

l,2-£poxy-3-methcacypropane  (0.68M)  and  redistilled 
beni^ydryl  chloride  (0. 33M;  b.  p.  97**,  0.  2  mm. )  were  put  in  a 
300  ml. ,  3-neck,  round-bottom  flask  equipped  with  an  Juolet  tube. 


thermometer*  coiuieziser,  and  outlet  tube.   The  system  was  flushed 
with  nitrogen,  a  bubble* counter  attached  to  the  outlet  tube»  and  the 
flow  rate  adjusted  to  maintain  a  sUght  positive  pressure.  When 
the  temperature  had  been  raised  to  approximately  90^,  water 
(about  0. 5  ml. )  was  added.   The  mixture  was  stirired  under  nitrogen 
at  a  temperature  of  115**  to  125**  for  4  days.    The  product  was 
eooled  under  nitrogen  at  a  slightly  increased  flow  rate.   The  excess 
epoxide  was  partially  removed  by  distillation  at  atmospheric 
pressure.   The  residue  was  distilled  bulb-to-bulb  to  give  78  percent 
yield  of  crude  l-chloro-2-bensshydryl<»cy- 3 -methoxy propane t 
b.  p.  138-144®,  0.2  mm.   On  cooling  to  room  temperature,  tt»e 
distiUation  residue  (14%)  partiaUy  solidified.   The  addition  of 
methanol  facilitated  crystallization  and  subsequent  filtration.  The 
melting  point  and  nuclear  magnetic  resonance  spectrum  indicated 
that  the  product  thus  obtained  was  dibenzhydryl  elher.    The  crude 
l-chloro-2-benzhydryloxy-3-metihoxypropane  was  redistilled  at 
125-126**,  0. 1  mm. ,  through  a  6-inch  Vlgreaux  column.   The  analysia 
of  the  product  calculated  for  Ci7Hi^C102:  C,  70. 21  j  H,  6. 59; 
CI.  12.19.   Found:  C.  70.47i  H,  6*  77j  CI.  12.06. 

Preparation  of  l-aryl-4-(2-benzhydryloxy-3-methoxypropyl)piperazine3 

N-Phenylpiperaalne  (0.  IM)  and  sodium  carbonate  (0. 1M| 
were  heated  with  stirring  for  about  half  an  hour  at  100**  to  135**.  The 


mixture  was  cooled  and  l-chloro-2-bon»hydyyloxy-3-methoxypropane 
(0.  IM)  was  added  dropwise.   The  mixture  was  then  heated  at  115-125 
with  stirring  for  several  hours.   The  solids  were  removed  by  ^ 
filtration,  dissolved  in  aqueous  alkali  and  extracted  with  ether. 
The  dried  ether  layer  was  combined  with  the  filtrate  and  evaporated 
on  the  steam  bath.   The  residue  faUed  to  crystallisse  on  cooling. 
Additional  N-phenylplperazlne  (0.  IM)  was  added  and  the  mtrtar« 
was  heated  on  the  steam  bath.  Needles  began  to  form  almoet 
immediately.   The  heating  was  continued  with  occasional  shaking 
for  about  twelve  hours.   The  product  was  then  thoroughly  mixed  with 
ether*  filtered,  and  the  ether  evaporated  on  the  steam  bath.  The 
excess  phenylplperaslne  was  removed  by  distillation  under  vacuum 
and  the  residue  was  poured  into  methanol.   Ether  was  added  until 
jgte  product  precipitated  as  crystals  miSter  than  an  oil  when  cooled. 
The  yield  was  34  percent  and  upon  recrystalliaation  from  a 
methanol- ether  solution,  the  product  melted  63. 5-65®.   The  analysts 
calcuUted  for  C27H32N2O2:  C.77.84}  H,  7.74j  N,  6.73.  Found; 
C.  77.77;  H,  7.73;  N,  6.53.   The  monohydrochlorlde  melted  141*. 
Neutral  equivalent:  calculated,  453;  found,  458. 

1 -p- Chlorophenyl-4- ( 2-benzhydryloxy- 3 -me  thoxy  propyl)- 
piperazlne  was  similarly  prepared  from  N-p-chlorophenylplperazlne 
and  l-bromo-2-benzhydryloxy-3-methoxypropane.   The  yield  was 


70  pcyceat  and  when  recrystalUzed  ixom  a  mothanol* ether  solution 
the  product  melted  89-89. 5®.   The  analysis  calculated  for 
C27H3JCIN2O2:  C,  71.90jH.  6.93;N,  6.21.  Found*  C,  72.94j 
H.  7.00;  N.  6.04. 

Reactions  for  Proof  of  Structure  of 
Benzhydryl  EOxer  Derivative* 

Ether  cleavage  of  l»phenyl-4»(2»hydro3cy'3*methoxypropyl)piperagine 

with  hydrobromic  acid  •  >, 

l<»Phenyl-4-(2-hydroxy-3-methoxypropyl)piperazine  (0.  008M) 

was  dissolved  in  40  percent  aqueous  hydrobromic  acid  {50  ml. )  and 
heated  to  boiling.   Solid  sodium  hydroxide  was  added  until  the  ' 
solution  was  basic.   The  solution  was  extracted  with  ether  and  the 
extract  was  dried  and  evaporated  on  the  steam  batti.  A  solid  product 
was  obtained  and  recrystalUzed  from  bensene-heptane  solution. 
M.p.  106.5-107.5*.  If  ttie  product  is  assumed  to  be  l-iAenyl-4*, 
(2,3-dihydroxypropyl)pipera2ine>  the  yield  was  53  percent* 


Etfaeg  cleavage  of  l>'phenyl*4-(2-benzhydryloxy-3«methoxypropyl)« 

piperazlne  with  hydrobromic  acid 

l-Phenyl-4-(2-benBhydryloicy-3-m«tiw)xypir©j>yl)pipera«ine 
(0. 005M)  was  treated  with  40  percent  aqueous  hydrobromic  acid 
(50  ml. )  using  the  same  procedure  described  immediately  above* 
Assuming  the  product  also  to  be  the  same,  the  yield  was  27  percent. 
M.p.  106.5-107.5®. 

Reaction  of  l-phenyl-4-(2-hydroa:v-3-chloropropyl)piperazine  with 
aqueous  sodiam  hydroxide 

An  unweigh#d  amount  of  l-ph«nyl-4-{2-hydroxy-3- 
chloropropyDpiperaalne  was  refluxed  several  hours  tn  25  percent 
aqueous  sodium  hydroxide.    The  oil  layer  was  removed,  dissolved 
in  benzene,  and  extracted  several  times  with  water.    The  water 
extracts  wtf  combined  and  extracted  once  with  benzene.  The 
bensene  solution  was  dried  and  the  benzene  removed  by  evaporation 
on  the  steam  bath.   The  residue  crystallized  upon  cooling.  The 
crude  product  meUed  103»  105°. 

A  mixture  of  tihe  products  obtained  from  the  above  ^re« 
reactions  failed  to  show  a  depressicm  in  melting  point.   The  infrared 
spectrum  of  the  product  was  consistent  with  its  identification 
as  l-phenyl-4-(2, 3-dihydroxypropyl)piperazine. 


CHAPTER  in 
GENERAL  DISCUSSION 


Ab  already  mentioaed,  the  compounds  prepared  in  this 
research  correspond  to  two  general  formulas: 

OR 

/  \  I 

A»-N    S   N-CH0,         Ar-N   S    N- CH^CHCH^OCHj 

\  /  \_V 

"I       m  u 

■     ■  •  II  •  ■ 
R  =  CO-alkyl,  C0,  alkyl,  benzyl,  benzhydryl 

'^"^ ;■' . .  ,v    The  benzhydryl  piperazlnes,  represented  by  formula  I, 
were  obtained  as  reaction  products  of  benzhydryl  chloride  with 

-        r  -       !  . 

edbstituted  plperazinea.  '  r 

/      \  Na^CO, 

Air-N  S    NH    ♦    0,CHC1  — ^  ^    Ar-N  S  N-CH0 

>^^^  ^  2  benzene  \^  ^ 

Althoui^  the  products  reported  were  prepared  in  reflusetng  t»exuEsne 
solulioa  in  the  presence  of  sodium  carbonate,  it  was  also  found  that 
the  benzhydryl  piperazlne  hydrochlorides  can  be  prepared  by  simply 
heating  the  aryl  piperazine  and  the  benshydrylchloride  on  the  steam 
bath  for  an  hour  or  so.   This  method,  of  course,  precludes  the  . 
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presence  in  the  molecule  o£  a  groap,  each  as  an  alkoaqr  group*  wMcb, 
would  not  remain  Intact  in  the  presence  of  hydrogen  chloride  at  diis 
temperature.   The  free  amine  was  recovered  hy  treatment  of  the 
hydrochloride  with  aqueous  alkali  and  extraction  with  ether. 

Even  these  conditions  are  not  as  severe  as  those  employed 
by  Kyrides^^  who  prepared  similar  compounds  by  heating  bensshydryl 
bromide  and  substituted  piperazine  with  triethylamine  in  toluene 
soluticm  at  150^  for  seven  hours. 

The  fkct  that  all  of  the  yields  from  the  preparation  cS  (he 
benjBhydryl  piperasines  are  less  than  41  percent  should  not  be 
interpreted  as  an  indication  of  the  difficulty  of  reaction.  The 
evaporation  of  the  solvent  extract  of  the  reaction,  mixture  on  the 
steam  bath  frequently  gave  an  acid  residue.    This  was  indicative 
of  a  reaction  of  residual  starting  materials  in  the  extract  and  it  seems 
almost  certain  that  an  increase  in  reaction  time  would  have  resulted 
In  an  Inereased  yield.  * 

Except  for  the  beiushydryl  derivatives  ^  compounds  ol  the 
type  represented  by  formula  13  were  prepared  by  reaction  of  tilie 
appropriate  halide  with  the  sodium  salt  of  l-aryl-4-(2>hydroxy-3* 
methffixypropyl)  pipe  razine . 
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OH    ONa 

I  Na    ,  /      \  I 

Ay-N  S  ^-CH2CHCH20CH3         NaH     Ar-N  S  ^-CH2CHCH30CH3 


■•       ■  OR      ■  .  '■^■i  ■  ,        ,  ■ 

/  \  I 

-S2L>   Ay-N  S    N-CH2CHCH2OCH3   *    NaX  '  ^ 


Bot!h  sodium  liydxide  and  metallic  sodium  were  used  for  the 
preparatton  of  the  sodium  salt*  but  in  many  cases  it  proved  difficult, 
because  of  the  proximity  of  the  respective  boiling  points »  to  separate 
&e  final  reaction  product  from  the  oil  in  which  the  spdiom  hydride 
was  suspended.   Consequently,  with  few  exceptions,  the  compounds 
reported  here  were  prepared  using  metallic  sodium.  Furthermore, 
the  sodium  alcoholate«  which  was  soluble  in  the  benzene  or  toluene 
In  which  it  was  prepared,  could  be  decanted  from  any  unreacted 
sodium  before  addition  of  the  haUde  to  the  solution. 

Invariably,  the  crude  product  was  etmteimittated  with  at  least 
a  small  amouzit  of  the  starting  alcohol.  Purification  processes  were 
repeated  in  each  case  until  the  Infrared  spectrtim  of  the  product 
showed  little  or  no  absorption  below  3. 0  microns.    The  benzoat* 
derivative,  which  is  a  solid,  was  purified  by  recrystallization.  The 
benssyl  ether  and  alkyl  ether  derivatives  were  obtained  as  liquids. 
The  benzyl  e&er  was  purified  by  the  second  distillation  under  vacuum. 


However*  each  of  the  alkjrl  ethers  distilled  simultaneously  with  the 
IKspeetive  alcohol  from  which  it  had  been  prepared.  An  attempt  to 
separate  the  ether  from  the  crude  mixture  by  esterification  of  the 
unreacted  alcohol  with  ph&alic  anhydride  resulted  in  an  incomplete 
reaction.   The  product  was  obtained  pure  by  distillation  under  vacuum 
firom  sodium.      ;  ,t) ;  .i:      >:•...•.!  •  iiiV-''--v, 

In  the  special  case  of  the  carbonic  acid  esters,  tha 
products  were  precipitated  from  solution  as  the  amine  monohydro- 
chlorides.    The  hydrochlorides  were  recrystallized  from  the 
designated  solvent  until  the  melting-point  ranges  and  infrared  > 
fpectra  indicated  tiiat  they  were  pure.   Since  these  compounds  are 
to  bet  tested  in  the  form  of  their  hydrochlorides  for  biological 
activity,  the  free  amines  were  not  recovered* 

y .  Attempts  to  prepare  the  benzhydryl  ethers  from  the  sodium 

salt  of  l-aryl-4-(2-hydroxy-3-methoxypropyl)plpera2ine  were 
unsuccessful.   Alternatively,  bensshydryl  ethers  may  be  prepared 
by  the  reaction  of  benzhydrol  or  its  sodium  salt  with  the  appropriate 
chloride.      However,  It  has  been  shown  that,  in  the  preparation 
and  reaction  of  p-halamines  of  this  type,  rearrangements  through 
an  intermediate  ethylenelmmonium  Ion  occurs: 


C2H5 


^  NCH2CHCH3 


CgHg^  CHCH3 


OH 


(3) 


Therefore,  another  synthetic  route  was  required. 
Investigation  of  various  possibilities  resulted  in  the  discover/  that 
the  reaction  of  the  benzhydryl  halide  with  1 « 2«'epoKy«*3-methox/propane 
yields  the  desired  bexushjrdryl  ether.  "  , 


02CHBr    +    HjC  CCHgOCHj 


OCH0. 


heptane?  reflux  2-3  hours  ^  BrH2CCHCH20CH3  (4) 
small  amoimt 


OCH0, 

I  ^ 
BrH2CCHCH20CH3 


/  \ 

0-N   S  N-H 


N^2CQ3 


/  \ 


OCH0. 


^    0-  N^^S^-  CHjjCHCHjOCHj 


(5) 
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It  should  be  recognized  that  alk/l  haUdes  do  not  generally 

react  with  epoxides.   Benahydryl  bromide  hat  been  known  to  react 
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with  ethylene  oxide  under  forcing  conditions. 

3  hrs.  at  120'* 
closed  system 

Equation  (4)  above,  however,  represents  the  first  reported  reaction 
o£  an  alkyl  halide  with  a  substituted  epoxide.  It  is  novel  in  that  its 
only  counterpart  is  the  addition  of  methyl  iodide,  ethyl  iodide,  ethyl 
bromide  and  n-propyl  bromide  to  cyclcAexene  epoxide,  and  these 
reactions  were  also  carried  out  under  forcing  conditions  in  sealed 
tubes.  ^  The  reaethm  of  equation  (4)  has  been  accomplished  under 
the  relatively  mild  conditions  of  moderate  temperature  and  atmospheric 
pressure.   Furthermore,  the  less  reactive  and  relatively  inexpensive 
benahydryl  chloride  can  also  be  made  to  undergo  addition  to 
1, 2-epoxy-3-methoxypropane  with  excellent  yields  of  the  desired 
ether.  In  fact,  the  chloride  is  In  some  respects  the  more  desirable 
halogen  intermediate  since  in  the  preparation  of  derivatives  such 
as  title  benahydryl  ethers  described  here,  the  production  of  hydrogen 
chloride  instead  of  hydrogen  bromide  as  a  by-product  potentially 
has  less  tendency  to  enter  Into  side  reactions  with  the  product  ; 
molecule. 


U  was  not  the  purpose  ck£  the  present  work  to  establish  the 
mechanism  for  tiie  henshydryl  halide-epoxMe  reactlcm  and  without 
further  experimental  evidence  it  would  be  impossible  %q  do  this. 
However,  in  the  light  of  other  work  which  has  been  done  on  the 
mechanism  of  epoodde  ring  openings  and  in  view  of  the  fact  that  the 
major  products  of  the  present  halide- epoxide  reactions  are  known, 
a  diseusslcm  erf  the  protMible  mechanism  would  seem  to  be  in  order. 

Generally  speaking,  three  factors  are  usually  considered 
In  the  investigation  of  the  orientation  of  such  ring  openings: 
(1)  either  the  pH  or  the  polarity  of  the  reacting  medium,  (2)  the 
substituents  attached  to  the  carbon  atoms  of  the  epoodde  ring  and 
(3)  the  mechanism  by  which  the  addition  to  the  ring  occurs.  The 
three  factors  are  apparently  Interdependent  and  can  hardly  be 
considered  separately  In  arriving  at  a  satisfactory  explanation  for 
results  0^  certain  addition  reactions  to  epoxides* 

Perhaps  the  most  common  type  of  addttton  uxuier  basic 
conditions  is  the  bimolecuter.  S^2  type  in  which  a  nucleophilic 
reagent  displaces  the  epoxide  oxygen  from  one  of  the  carbons  to 
which  it  is  attached. 


♦     H^C^^CH-R   -51?^  H^C'^^CH-R 


OH 
I 


->  H^C-CH-R  HjC-CH-R  /  Sj^ 


In  acidic  media,  the  addition  may  take  either  or  both  of 
two  different  routes.   The  first  is  the  S^^l,  or  unimolecolar,  addition 
in  which  there  is  a  preliminary  protonation  of  the  epoxide  oxygen 
followed  by  the  slow,  or  rate-determining,  step  which  is  the  rupture 
of  the  carbon-oxygen  bond  before  the  addition  <rf  the  nucleophile. 

OH  OH 

^0^1  slow         +     '  '  ♦ 

1       H2C^^-±^CH-R  >  H2C-CH-R    or  H^C-CH-R 

~      A  on  on  A  ■ 

A-  I     '  '  ' 

*   H2C-CH-R    or    HjC— CH-R  S^l 


fast 


The  second  Is  a  modified  S^Z  type  in  which  the  nucleophile 
attacks  one  of  the  positive  sites  (carbons)  of  the  protonated  epoxide 


■  j;        .  ■  • 


•♦OH  OH 

+     hC-^^CH-R   >   HjCf-CH-R  ox  H^C-CH-R 

''  I 
•-A  '-A 

OH  OH 

I  I 
^    HjC-CH-R    or    H^C-CH-R  S^Z 

A  A 


A  third  mechanism,  which  Is  rarely  considered  In  epoxide 
opentngs,  is  the  so-called  "four* centered"  reaction. 

H   '''r    ■'■  ' 

HA    ♦    H^C^^CH-R   >  iiiC-  CHR 


A  OH 

I  I 
X-CH-R 
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This  particular  mechanism  was  proposed  by  Brewster     to  explain 
the  retention  of  c<»figuration  in  certain  reactions  involving 
aucleophilic  attack  at  sabstttoted  carbon  atoms  of  the  epoxide  ring. 

It  should  be  apparent  from  observation  of  the  factors  involved 
In  the  equilibrium  between  reactants  and  the  proposed  tnmsttlott 
state  in  each  of  the  above  examples  of  acid* catalyzed  mechanisms 
that  a  decrease  in  &e  polarity  of  the  solvent  should  not  necessarily 


affect  the  rate  at  which  the  transition  state  is  formed  by  the  S^l 
mechanism*   However,  In  the  Sj^2  reaction  in  which  two  separately 
charged  particles  have  combined  to  form  one  particle  through 
<(^hlch  the  charges  have  been  dispersed,  a  decrease  In  p<^rtty  of 
the  solvent  would  be  expected  to  increase  the  rate  at  which  the 
transition  state  is  formed  which  in  turn  provides  an  increase  In 
the  rate  of  formatiwx  of  Sj^2  reaction  products. 

The  influence  of  R  in  the  examples  above  has  been  shown 
to  affect  the  orientation  of  the  ring  opening.   If  R  la  an  electron* 

donating  group,  then  in  both  the  Sj^l  and  the  S|^2  mechanism,  the 

r 

development  of  positive  or  partial  positive  charge  on  Oxe  adjacent 
carbon  will  occur  more  readily  than  on  the  terminal  carbon  atom. 
This  results  from  the  dispersion  of  the  positive  charge  over  the 
R*group  as  a  result  of  its  electron  donor  behavior.   Since  the 
breaking  of  the  carbon-oxygen  bonds  of  the  ring  involves  a  transfer 
of  electrons  from  the  carbon  to  the  oxygen,  the  net  result  of  the 
•lectron-doz^ting  effect  of  R  is  to  facilitate  the  release  of  electrons 
by  the  secondary  carbon  and  cause  the  carbon-oxygen  bond  to  this 
carbon  to  be  the  weaker  of  the  two*   Consequently,  this  particular 
bond  Is  more  subject  to  bond*breaklng  and  a  preponderance  of  the 
nucleophUic  additions  would  be  expected  at  the  secoodary  carbon. 
This  effect  is  Illustrated  by  the  formation  of  the  secondary  ether 


(along  with  a  lesser  amount  of  primary  ether)  in  the  acid  catalyzed 
reaction  between  propylene  oxide  and  allyl  alcohol. 


CHjj=  CHCHjOH    ♦    HjC  CHCH3 


OH 
I 

H2C-CH-CH3  (mostly) 
OCH2CH=CH2 


Conversely,  an  electrcm-wlthdrawing  group  would  UnA  to 

inhibit  the  development  of  positive  charge  on  the  adjacent  carbon 

atom  and  promote  nucleophilic  addition  at  the  primary  carbon. 

This  is  indeed  the  case  in  the  addition  of  halogen  acids  to  epoxides 
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substituted  with  electron-withdrawing  groups  as  -CH2CI  and 


-  CH2OCH3.  ^® 


OH 


H,C— CHCH2CI     +   HCl   >  CICH2-CCH2CI 


.         •  OH 

H2C  ~CHCH20CH3     4.   HBr   >  BrCH2-CHCH20CH3 


Preliminary  preparations  using  a  variety  of  solvents 
Indicated  that  a  higher  yield  of  l-bromo-2-benzhydryloxy-3-methoxy- 
propane  is  obtained  from  reactions  In  heptane  than  In  either  of  the 
more  polar  solvents,  dry  acetone  or  the  dimethyl  ether  of 


■ ......     .  .  r  '  ■ 
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diethylene  glycol.  This,  of  course,  is  consistent  with  reaction  by 
the  acid-catalyzed  S^2  mechanism  in  which  the  charge  carried  by 
the  reacting  particles  has  been  spread  over  the  combination  of  the 
particles  in  the  transition  state. 

It  was  found,  however,  that  the  formation  of  the  desired 
product  was  facilitated  by  the  addition  of  a  small  amount  of  water. 
Whether  this  is  needed  for  solvolysis  of  the  benzhydryl  halide  or  for 
preliminary  protonation  of  the  epoxide  was  not  determined. 

Although  the  rate  of  the  "four-centered"  reaction  is  not 
ordinarily  subject  to  influences  from  change  of  solvents,  the 
following  points  may  be  made  In  ccmsideration  of  this  mechanism. 

First  a£  all,  this  particular  path  of  reaction  would  not 
require  the  ionization  of  the  benzhydryl  halide.   This  is  consistent 
with  the  fact  that  it  can  be  run  in  heptane,  although  as  mentioned 
above  the  rate  is  much  slower  in  the  absence  of  water.  Secondly, 
the  structure  of  the  transition  state  would  allow  the  conjugation  of 
the  benzhydryl  group  with  the  epoxide  ring  and  provide  the  driving 
force  for  the  reaction. 
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,  ;f      '    ,  .  .■  t  .    ■   .  '1  .      I-"      ,        •  7 

■  !  /   I  .        ;  /  •  -•'  - 

The  orientation  of  the  ring  opening  of  the  epoxide  ring  in 
l,2-epoxy-3-methoxypropane  !•  tfie  same  for  reaction  with  benzhydryl 
chloride  as  for  benzhydryl  bromide.    This  is  verified  by  the 
preparation  of  identical  1-phenylpiperazine  derivatives  from  the 
Intermediates  obtained  from  the  two  benzhydryl  halide- epoxide 
reactions.   Presumably,  from  the  comparison  with  the  addition  of 
hydrogen  bromide,  these  intermediates  have  the  formulas  j  . 

BrCH2CHCH20CH3    and  CICH2CHCH2OCH3 
^  OCH02  S       OCH02  -  > 

The  benzhydryl  ether  from  the  reaction  of  benzhydryl  , 
halide  with  the  sodium  salt  of  l-phenyl-4-(2-hydraxy-3-methoxy- 
propyl)plperazine  was  not  prepared  and  isolated  in  the  pure  state. 
Consequently,  the  structure  of  the  halo-intermediates  could  not  be 
established  by  the  product  of  their  reactions  with  1-phenylpiperazine. 


For  this  reason,  the  following  series  of  reactions  has  been  effected 
to  give  substantial  proof  of  their  respective  structures. 

•  OH  ^ 

0-n'^NCH,CHCH,C1      ^^^">    0-N  S    NCH2CHCH2OH  (7) 


known 


OH 

/  \  I 

0-N    S  NCH2CHCH2CX:H3 


known  OH 

(1)  aq.  HBr^    0-irs~\cH,CHCH2OH  (8) 

(2)  NaOH  \  / 


OCH#, 

/      \                     I  NazCOj 
0-N   S    NH    ♦    XCH2CHCH2OCH3   -t 

- « ■ .  ■ 

known  proposed  structure 

OCH0  OH 

/  \  I  n\HBr  /        ^  ' 

0-N   S    NCH,CHCH,OCH,       ,  ""^  >     0-N   S  NCHjCHCHjOH 
 ^      *         *  (2)  NaOH  \^  / 

proposed  structure 

The  same  solid  product  (m.p.  106. 5-107. 5<>)  was  obtained 
from  all  three  reactions.  The  structure  Indicated  as  product  In  the 
above  reactions  Is  the  only  product  which  would  be  expected  from 


reaction  (7).  Since  the  products  from  (7)  and  (8)  were  the  same, 
tiien  It  must  be  concluded  that  no  rearrangement  occurred  in 
reaction  (8)  by  the  formation  of  a  secondary  bromide  intermediate 
and  subsequentiy  of  an  ethyleneimmonlum  Ion  as  described  in 
feaction  {3).   Since  no  such  rearrangement  occurred  in  reaction  (8), 
then  it  appears  improbable  that  it  would  occur  in  reaction  (9). 
Therefore,  the  proposed  structure  for  the  piperaaine  product  in 
reaction  (9)  must  be  correct.   It  then  follows  that  since  no 
rearrangement  occurs  In  the  displacement  of  halogen  by 
l-phenylpiperaaine^^  that  the  identification  of  the  halo- intermediates 
as  l-halo-2-benzhydrylo5cy-3-methoxypropane  Is  also  correct. 

Qualitative  observations  of  changes  In  the  infrared  spectrum 
of  the  product  which  was  shown  to  be  l-halo-2-ben»hydryloxy-3- 
meflioxypropane  have  indicated  that  this  material  upon  prolonged 
standing  in  air  in  a  screw-cap  botUe  probably  forms  a  hydroperoxide. 
Unless  stored  under  an  inert  atmosphere,  the  reagent  becomes 
contaminated  with  decomposition  products  of  the  hydroperoxide. 


CHAPTER  IV 
SUMMARY 

.■  > *       •  -.  '    ^ ' 

Eleven  new  l-aryl-4-beiuEhydy/l  pipexasines  have  been 
prepared  by  the  reaction  of  benzhydryl  chloride  with  arylpiperaelnes. 
The  aryl  substltuenta  of  plpera«ine  were  various  methyl-,  chloro-, 
and  methoacy- substituted  phenyl  groups. 

The  sodium  salt  of  l-phenyl-4-(2-hydroxy-3-methoxypropyl)- 
piperaaine  was  reacted  with  halogenated  compounds,  including  seven 
chloroformates.  six  alkyl  halldes  and  beneoyl  chloride,  to  give  the 
corresponding  l-phenyl»4-propylpip«ra#ine  derivatives.   In  addition, 
four  new  l-aryl-4-(2-hydroxy-3-methoxypropyl)plpera2ine8  were 
prepared  aiid  their  sodium  salts  reacted  with  methyl  Iodide  to  give 
the  methoxy  derivatives.   An  excess  of  methyl  Iodide  was  reacted 
with  one  of  the  latter  ethers  to  give  the  quaternary  ammonium  Iodide. 

Both  1- chloro- 2-benzhydryloxy-3-methoxypropane  and 
l-bromo-2-benBhydrjrloxy-S-methqoeyproiMme  were  prepared.  These 
compounds  are  also  new  and  were  used  to  prepare  two  new 
1  -aryl-4«  { 2-benzhydryloxy-  3-methoxypropyl)plpe  raeines . 

The  difficulty  In  the  preparation  of  benzhydryl  ethers  of 
l-aryl-4-(2-hydr<Hcy-3-methoxypropyl)plperazlne  from  its  sodium 

4S  " 


•alt  resulted  in  the  discovery  that  benzhydryl  bromide  and  benzhydryl 
chloride  react  with  substituted  epoxides  to  give  benzhydryloxy-hallde 
derivatives  ci  the  epoacide.   This  reaction  was  accomplished  under 
conditions  of  moderate  temperature  and  atmospheric  pressure 
whereas  on  the  two  occasions  In  which  previous  authors  have  effected 
the  addition  of  alkyl  halldes  to  epoxides  It  was  done  by  reactions  In 
sealed  tubes  at  relatively  high  temperature.   The  addition  of  alkyl 
chlorides  to  epoxides  Is  unreported  and  the  discovery  of  the  above 
reaction  should  allow  the  synthesis  of  benzhydryloxy  compounds 
which  heretofore  have  been  economically  unfeasible  because  of  low 
yields  and  the  lack  of  avallabUlty  of  more  reacttve  starting  materials. 

Future  research  In  this  area  of  additions  to  epoxides  should 
be  extended  to  Include  the  establishment  of  the  mechanism  whereby 
the  addition  Is  accompUshed.    The  preponderance  of  evidence  at 
present  Indicates  that  the  route  Is  probably  S^Z  but  the  "four- centered 
addition  cannot  be  excluded.   It  should  be  possible  to  distinguish  . 
between  the  two  by  a  study  of  solvent  and  salt  effects  on  the  reaction. 
The  Investigation,  too,  should  Include  the  stereochemistry  of  the 
addition  and  additions  to  more  highly  substituted  epoxides  than 
ItE-eposy-S-methoxypropane.   The  question  also  arises  as  to 
whether  the  epoxide  ring  could  be  opened  under  mild  conditions  with 
Other  halldes  such  as  allyl  halldes,  alkyl  Iodides,  or  such  halogen 
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compounds  as  Uopropyl  halide  whose  ethers  are  difficult  to  prepare. 
The  benahydryloxy  ether  Is  suspected  of  forming  a  hydroperoxide  on 
proloaged  standing,  but  its  identity  and  that  of  its  decomposition 
products  are  unverified. 
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